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TITLE ; GRANULAR UREA 

FIELD OF THE INVENTION 

, The V present invention relates to . a process for the 

production of granular urea, and to the granular urea 
5 produced by that process. This invention is 
particularly iisef ul for the production of granular urea 
of particle size greater than 2 mm, of a greater than 
1.5 kg crush test and which remains free-flowing and 
substantially free from caking during handling and 
10 storage. 

BACKGROUND OF THE INVENTION 

Urea ( also known as carbamide or carbonyldiamide ) has a 
nximber of important applications, including tise as a 
diuretic, as a partial source of dietary nitrogen in 

15 ruminants, in ammoniated dentifrices, in the paper 
. industry to soften cellulose, and in fertilizers. 
Perhaps the chief among these uses is in agricultural, 
fertilization. In this capacity, urea provides an 
easily available major source of nitrogen, which is a 

20 critical crop nutrient. 

Urea is often not used as a fertilizer by itself, but 
rather in combination with other vital plant nutrients. 
Therefore, in commercial xise, urea must often be blended 
with . granulu fertilizers , to produce a balamced 
25 fertilizer blend. 

Traditionally, fertilizer grade urea has been produced 
using prilling methods where molten urea is sprayed 
through a rose at the top of a prilling tower and the 
resultant droplets of urea solidify as they fall through 
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a cooling stream of air. 

This technology has several lindtations: 

1. The size of the urea particle is limited to \inder 
2.00 mm diameter. Hence, the prill does not blend 
5 well with other types of fertilizers of larger 

particle size in mixtures blended to suit crop 
needs. This results in segregation of the mixture 
during handling processes and maldistribution of 
the fertilizer on crops. 

10 2. The prilling process creates significant dust (that 
is, material under 1.00 mm in diameter). This 
dust , which is usually in excess of 1.0% of 
manufacture and can be as high as 10%, causes 
windage losses on application, segregates badly on 

15 handling and encourages rapid moisture absorption 

£md caking of the fertilizer on storage. 

3. The prills are usually fairly weak in structure- 
having a crush strength usually of less thcui 1.5 kg 
- and tend to break down during handling and 
20 storage. This further contributes to dust 

problems. 

For these reasons, in recent years, plants which are 
capable of producing a granular urea of larger particle 
size and a, harder particle have come into production. 
25 There are several methods of producing granular urea 
including NSM fluid bed granulation, spherodisers , pan 
granulation techniques and spouted bed granulators. 
These plants all produce a granule from a molten urea 
feed containing less than 10% water in the melt. 



V 
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Processes have also been developed which Cein take a part 
prill feed and coat and solidify a urea melt onto the 
prills thus fattening the prills. Examples are the TVA 
falling curtain granulation techniques and Kaltenbach 
5 granulation plants. 

However, the high capital cost of all these alternative 
granulation routes has meant only a slow introduction of 
the technology as the traditional prilling techniques 
are much lower in operating costs. In addition, if the 
10 urea is used in a straight application and is not 
blended, then a good quality prill is more uniform and 
free flowing than a granule. 

As will be appreciated from the foregoing discxission, 
there is a need for a process which can granulate urea 
15 finies to a uniform but laxger particle size of a 
superior hardness to producie granular u^ea which can 
readily be used as, inter alia, a fertilizer, by itself 
or, if necessary-, in combihation with other coxnponents. 

' One possible solution may have been the adaption- of the 
20 process described in Australian Patent No. 627438 
wherein another nitrogen-containing fertilizer component 
^ ammonium sulphate - is granulated in the presence of a 
trivalent metal salt, leading to a hard, free-flowing, 
non-caking granule. 

25 It^ was Mticipated that a similar process applied to 
urea may produce suitable granules of urea. 
Unfortunately, tests proved that simply replacing urea 
for the ammonium sulphate was not satisfactory as the 
resultant combination was of high solubility and low 

30 critical humidity leading to a "wet" or "soft" and 
sticky product which would lead not only to intolerable 



wo 9S/21689 FCT/AU9S/00057 



4 

blockages of the grsmulation plant, but also to an 
iinacceptable product for storage and handling. 



However, it has now been established that if a 
conditioning agent is used in conjiinction with the 
5 granulating aid, . this particular problem can be 
overcome • 

SUMMARY OF THE INVENTION 

According to the present invention, granulation can be 
achieved by feeding a stream of urea fines - or other 
10 suitable urea particulates - and a conditioning agent to 
a granulator where granulation is then carried out in 
the presence of a granulating aid. The resulting 
.product can then, of course, be dried, screened and 
cooled by way of axiy suitable available techniques • 

15 The conditioning agent is preferably divalent metal 
oxide. Preferred divalent oxides Include calcium, 
magnesium and zinc oxides. 



The granulating aid is preferably a metal salt or^ 
derivative thereof. Preferred metal salts are mono-, 
20 di- or trivalent cation salts or derivatives thereof. «^ 
The more preferred trivalent cations are aluminium and 
ferric ions. The most preferred metal salts include 
aluminium and ferric oxides and sulphates and hydrates 
thereof. 

25 Any conventional granulator may be used, including j 
rotary granulators, pugmills, drums and bltingers. ' ^ 

Without being boxind by theory, it is proposed that the 

conditioning agent reacts with the granulating aid to ' 
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prevent the creation of a highly soluble doiible salt,- 
and it also absorbs moisture thus inhibiting softening 
of the product and sxibsequent caking. This is an 
important property of the conditioning agent because, as 
5 mentioned above, wet or soft product in a granulating 
plant leads to unacceptable blockages of the granulation 
plant. In combination with the granulating aid, the 
conditioning agent results in a larger size, hard, free 
flowing granule of urea. 

10 DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention may be further appreciated from 
the following Exsunples with reference to the 
accompanying drawing. It is to be understood that these 
Examples are merely illustrative emd in no way define 
15 or limit the scope of the present invention, which 
extends to any and all coxnpositions , meaxis , and methods 
. suited for practice of the process according to the 
present invention, as well as to any and all products 
made thereby. 

20 General Example 

The drawing represents the process diagram for a typical 
NPR granulation plant. A urea fines feed (7) is fed 
into the granulation drum or blunger together with a 
modulated stream of divalent metal oxide (4) at the 
.25 _ appropriate composition. - . . 

Steam (3) is used to sparge \mder the bed and assist in 
granulation. 

A solution or slurry of a trivalent metal (2) such as 
alximinium or iron, eg. aliim sulfate, is sprayed into the 
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granulator onto the bed. 

A spray or scrxibber liquor (6) may in some cases be \ised 
to add more moistxire to the granulation. 

A recycled stream of fines may also be fed back to the 
5 granulation egtiipment ( 11 ) . 

The granulated wet material is then fed to a drier where 
heat is supplied usually concurrently and moisture is 
dried off • 

The dried material (12) is then fed to screens where the 
10 product size is separated and either sent direct to 
storage (14) or cooled and sent to storage. The 
undersize is recycled and the oversize is crushed and 
also recycled to the granulator. 

The air streams frcm the granulator and drier are 
15 scrubbed, usually in venturii scrxibbers (10) and (16). 

The scrubber liquor is recirculated to the scrubbers and 
a side stream is usually fed to the granulator to 
supplement the water balance in the granulator. In some 
cases , this does not occur and the scrubber liquor is 
20 accumulated for later disposal. 

The process of the present invention is conducted in 
such a plant at a typical production rate of 10 to 20 
tonnes per hour . When the granulating aid is an 
aluminivmi salt, the amoxint of the aluminium salt added 
25 to the slurry is sufficient to produce urea granules 
having an aluminium contient of between 0.05% and 1.06% 
by weight; preferably of between about 0.15% and 1.06% 
by weight, and most preferably of between about 0.20% 
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and 0.60% by weight. 

Specific Example 

Following the general example described above, undersize 
urea fines obtained from prilled urea are fed into a 
5 traditional NPK drtim granulation pleint at 10 tonnes/hr 
together with 300 kg/hr of ground magnesium oxide 
powder, using a 1500 kg/hr steam sparge together with 
0.2 1/sec 50% alum sulphate solution. The overall 
moisture content is increased using scrubber liquor 
10 sprayed into the granulator. After granulation, the 
product is dried to produce urea granules containing 
0.3% aluminixim and 0.7% magnesium by weight; 90% of the 
product exceeding 2.00 mm in size; and of 4.0 kg crush 
strength. 

15 Granules produced according to the present invention 
were s\ibjected to a caking test. Bag tests were 
conducted using the TVA bag test method described in 
Bulletin Y-147 and slightly adapted in that material was 
placed in 40 kg good quality fertilizer bags and stacked 

20 four layers or 1 tonne per pallet and then stacked four 
pallets high for one week, one month and three month 
trials. The bags were opened and inspected at those 
times and the degree of set and hardness of set were 
determined. This material consistently was only 

25 partially set and light finger pressure brbke the lumps. . 
If a bag was dropped from waist height the light set 
completely shattered. 

After several weeks of bulk storage, the product 
remained so lightly set that any disturbance rendered it 
30 free-flowing. 
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Granulated urea produced according to the present 
Invention is substantially harder than prilled urea 
known to the prior art and equal to granular urea 
produced by other processes • 

5 This hardness of the granules was measured with a 
commercial compression tester, a Chatillon compression 
tester. At least 25 granules from a given product nln 
were tested individually, and the average of these 
measur^ents was taken as the hardness of the product 

10. run from which the tested grsuaules were taken. The 
granules were placed, one at a time, on a flat surface 
provided on the compression tester. Pressure was 
applied to each granule using a flat-end rod attached to 
the compression tester, and a gauge mounted in the , 

15 compression tester measured the pressure required to 
fracture the. granule. The urea^ granules produced 
according ^ to the ^ process of the present invention 
generally possessed a hardnesa in the range of frcmi 2.5 
to 4.0 kgs. This is to be compared with the prior art 

20 where prilled urea has typical hardness values of 1.5 kg 
or less. 

Granulated urea produced according to the present 
invention remains free-flowing and does hot consolidate 
or set to a hard mass upon being allowed to stand in 

25 large piles during storage. In addition, the granules 
are of a size (at least 70%, but usually excess of 90%, 
of the product exceeds 2.00 mm) and hardness (at least 
greater than 1.5 kg crush strength, usually 
approximately 4.0 kg) superior to the prilled urea known 

30 from the aforementioned prior art. 

Due to the superior size and hardness of these granules, 
urea produced according to the present invention 
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experiences minimal breakdown into undesirable small 
fragments during cooling r storage, ha n d l ing, blending, 
shipping and spreading. 

Moreover, use of granular urea produced according to the 
5 present invention, either as a fertilizer per se or as 
an ingredient in fertilizer blends, produces 
exceptionally uniform results. This follows from the 
fact that the mechanics of spreading fertilizer are 
improved by \ise of a physically more uniform prodxict, 

10 resulting in more uniform spreading. In addition, when 
fertilizer blends are used, blends using granular urea 
produced according to the present invention will re ma in 
uniformly blended, rather than tending to layer out by 
component by the, time the end use is reached as is 

15 often the case with prior art blends. 

Yet another advantage is that the divalent metal oxide 
can not only function as a conditioning . agent but also 
as a trace element additive in certain fertilizer 
blends. 

20 Further, the present invention allows urea fines 
generated from traditional prilling plants to be 
granulated to a useful end . product using traditional 
granulation plants. Thus, the sigxiifiGant capital cost 
of establishing a specialised urea granxilation plant is 

25 avoided entirely. ^ 

Those skilled in the art will appreciate that the above 
embodiments are given by way of exemplification of the 
invention only, and that changes may be made to the 
details set out therein without departing from the scope 
30 of the invention as defined in the following claims. 
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CLAIMS; 

!• A method for producing granular urea, said method 
comprising: 

a) feeding \irea to be granulated and a 
5 conditioning agent to a granulator; and 

b) granulating the resultant mixture in the 
presence of a granulating aid. 

2 . A method as defined in Claim 1 , wherein said 
conditioning agent is a divalent metal oxide. 

10 3« A method as defined in Claim 2, wherein said metal 
oxide is selected from the group consisting of 
calcium, magnesium and zinc oxides. 

4. A method as defined in any one of Claims 1 to 3, 
wherein said granulating aid is a metal salt or 

15 hydrate thereof. 

5. A method as defined in Claim 4, wherein said metal 
salt is an aluminium or ferric salt or hydrate 
thereof. 

6 . A method as defined in Claim 5 , wherein said 
20 aluminiiim or ferric salt is aluminium or ferric 

sulphate. 

7. A method as defined in any one of Claims 1 to 6, 
wherein said granular urea is at least 2.00 mm in 
size. 



25 8. A method as defined in any one of Claims 1 to 7, 
wherein said granular urea is at least of greater 
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than 1.5 kg crush strength. 

9. A method as defined in Claim 8, wherein said ^ 
granular urea is at least of 4.0 kg crush strength. 

10. Granular urea prepared by a method as defined in 
5 any one of Claims 1 to 9. 

11. Granular urea which is free-f lowing and 
substantially non-caking of at least 2.00 mm 
particle size and of at least 1.5 kg crush 
strength. 
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CA 


1173660 i 


CS 


8204946 




DE 


3222157 






EG 


15739 


ES 


513685 




ES 


8402171 






FI 


822347 


FR 


A ^ A A A A J" 

2508895 . 




GB 


2101129 






GR 


76400 


IN 


157774 




rr 


8222203 






rr 


1156104 


JP 


58049683 






1 CQO^O 

IjWjZ 






NL 


8103210 


NL 


8200552 




NL 


OoUZ2y9 






NO 


822259 


PL 


237213 




PT 


TCI /lit 






SE 


AAA ^ 

8204078 


US 


4500336 




VTI 

YU 


144j/o2 






ZA 


8204354 












GB 


1311065 


BE 


754561 


DE 


1940688 




FR 


2O57O0O 






GB 


1311065 


NL 


7011649 








US 


4219589 


AT 


3560/78 


BE 


867963 




CA 


1101641 






DE 


2825039 


ES 


470676 




FI 


781699 






FR 


2393779 


IT 


7824325 




IT 


1096385 






JP 


54016427 


NL 


7806213 




.NO 


781952 






PT 


68149 


SE 


7806601 




US 


4219589 


US 


4478632 


AT 


2487/82 


BE 


893716 




BR 


8203890 . 






CA 


1190059 


CS 


8204945 




DE 


3223139 






EG 


15823 


ES 


513684 




ES 


8503256 






FI 


822346 


FR 


2508894 




GB 


2103209 






GR 


76402 


IN 


157765 




IT 


8222206 






IT 


1190903 


JP 


58049684 




MX 


159933 






NL 


8202560 


NO 


822260 




PL 


237215 






PT 


75172 


SE 


8204077 




TR 


21523 






us 


4478632 


YU 


1444/82 




ZA 


8204698 






US 


4563208 


US 


4494976 




US 


4563208 






US 


4565564 













Form PCT/lSA/2I0(patem flunily auiex)(July 1992) copbko 



INTERNATIONAL SEARCH REPORT taemtional application No. 

PCT/AU 95/00057 



US 


4701353 


CA 


1245971 


EP 


141437 


FI 


843349 






IN 


162235 


JP 


60097037 


NL 


8303000 






NO 


843407 


SU 


1329606 


ZA 


8406636 


AU 


69267/81 


AR 


222617 


V BG 


49612 


BR 


8101862 






CA 


1192223 


CS 


8102356 


EG 


15291 






EP 


37148 


ES 


500780 


ES 


8202490 






FI 


810960 


GR 


74810 


IL 


62508 






IN 


153218 


JP 


57019025 


MY 


938/85 






NL 


8001876 


NO 


811070 


NZ 


196605 






PL 


230422 


SG 


421/84- 


SU 


1145924 






TR 


21518 


US 


4390483 


wo 


8102890 






YU 


822/81 


ZA 


8101966 


zw 


oo/ol 


AU 


64168/86 


BR 


8605068 


CA 


1281911 


CN 


86106555 








223270 


rl 




TXT 

in 


iOOOlD 






JP 


62091484 


NL 


8502838 


NO 


864144 






NZ 


217900 


SU 


1671162 


US 


4943308 






ZA 


8607665 










AU 


26011/88 


EP 


386043 


WO 


890518 







END OF ANNEX 



Fbnn PCT/ISAy210(pateni ftinily aiinex)(July 1992) copbko 



